Background: Health care utilization and costs among US veterans with chronic obstructive pulmonary disease (COPD) were compared with those in veterans without COPD. Methods: A cohort of veterans with COPD was matched for age, sex, race, and index fiscal year to a cohort of veterans without COPD (controls) using data from the Veterans Integrated Service Network (VISN) 16 from 10/1/1997 to 9/30/2004. Annual total and respiratory-related health care service utilization, costs of care, comorbidities, and respiratory medication use at the time of diagnosis were assessed. Results: A total of 59,906 patients with COPD were identified for a 7-year period prevalence of 8.2%, or 82 per 1000 population. Patients with COPD compared with controls had significantly higher all-cause and respiratory-related inpatient and outpatient health care utilization for every parameter examined including mean numbers of physician encounters, other outpatient encounters, emergency room visits, acute inpatient discharges, total bed days of care, and percentage of patients with any emergency room visits or any acute inpatient discharge. Patients with COPD had statistically significantly higher mean outpatient, inpatient, pharmacy, and total costs than the control group. The mean Charlson comorbidity index in patients with COPD was 1 point higher than in controls (2.85 versus 1.84, P  0.001). 60% of COPD patients were prescribed medications recommended in treatment guidelines at diagnosis. Conclusion: Veterans with COPD compared with those without COPD suffer a tremendous disease burden manifested by higher rates of all-cause and respiratory-related health care utilization and costs and a high prevalence of comorbidities. Furthermore, COPD patients do not receive appropriate treatment for their disease on diagnosis.
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submit your manuscript | www.dovepress.com Dovepress enrollment eligibility criteria for use of the system. Secondly, the system does not provide incentives to the practitioners for under-or over utilization of health care resources. Thirdly, various specialists within the system review the literature and provide evidence-based guidelines for delivery of health care. Fourthly, due to its size, the VA health care system allows for negotiation of prices for various health care items at a significantly discounted level that can results in more cost effective delivery of health care systems. Finally, VA facilities uniquely represent a wide range of practice settings including academic and nonacademic hospitals and community-based health care facilities and thus diagnostic and treatment decisions are made by a variety of health care providers including pulmonologists, primary care providers, and allied health practitioners. The study of the burden of COPD in this system may provide information that can validly be applied to wide range of health delivery systems internationally. The importance of the VA system to COPD care notwithstanding, little is known about health care utilization and health care costs in VA patients with COPD. The research that has been conducted suggests that VA patients with COPD frequently have other serious comorbid diseases, are significant users of health care resources, and are not being managed according to treatment guidelines. [3] [4] [5] [6] [7] The study described herein, which involved a large sample of VA patients in the southwestern United States, was conducted to examine health care utilization and costs to the VA for patients with COPD compared with veterans without COPD. To the authors' knowledge this study is the first large-scale assessment specifically aimed at assessing health care use and costs associated with COPD in the VA patient population.
Method
The protocol for this segmented, historical, retrospective, matched-cohort study was approved by the These two conditions, which generally are not used to define COPD, are relatively rare in patients with COPD and do not respond well to COPD medications including bronchodilators and inhaled steroids. Patients with bronchiectasis usually present with frequent infections and airflow obstruction and are treated similarly to patients with COPD. Patients with allergic alveolitis usually present with symptoms similar to those of COPD. More importantly, COPD patients with asthma diagnoses were excluded. The index date was defined as the first date of COPD diagnosis. Patients with ICD-9-CM codes for other respiratory conditions including asthma, interstitial fibrosis, sarcoidosis, pulmonary hypertension, and pulmonary embolism, along with patients diagnosed with cancer other than skin nonmelanoma cancer were excluded.
For each COPD case, two patients without COPD were randomly selected to form the control group, which was matched to patients with COPD with respect to age, race/ ethnicity, sex, year in which the index diagnosis was made, and whether the index diagnosis was made in the inpatient or outpatient setting. Patients with any chronic respiratory condition were excluded from the control group.
Measures and data analyses
Measures included annual total and disease-specific related health care service utilization, costs of care, total illness burden, and use of respiratory medications at the time of COPD diagnosis.
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Outpatient utilization included the numbers of physician encounters (nonlaboratory visits), nonphysician outpatient encounters, and emergency room visits. Inpatient utilization included acute inpatient discharges and total bed days of care for inpatient stays. These measures were stratified according to whether or not they were related to respiratory causes. Cost of care was examined for each category of outpatient and inpatient health care utilization. Pharmacy costs were summed for all pharmacy services. Respiratory-related health care utilization and costs were examined for the time period from 366 to 730 days following the patient's index date, defined as the first date at which COPD was listed as a first or second diagnosis in either the inpatient or outpatient setting for patients with COPD and as the date of the encounter at which the patient was matched with a corresponding COPD patient for controls. Costs were examined beginning 366 days after index. Patients with an index date before 10/1/1998 were not included in these analyses because cost data were only available from 10/1/1999. Health care resource use was defined as respiratory-related if it involved the same ICD-9-CM codes used to define the population of COPD. This methodology is commonly accepted in retrospective observational studies whereby costs associated with a medical claim in the administrative database are attributed to the primary/secondary diagnosis on that claim.
Total illness burden for each patient was determined by constructing the Deyo-adapted version of the Charlson Comorbidity Index. 8 For each patient, all inpatient discharges and all outpatient visit records were searched for one year prior to index date to determine the presence of 17 comorbid conditions, identified using corresponding ICD-9-CM diagnosis codes, comprising the Charlson Comorbidity Index components. 8 The comorbidity index was constructed for each patient using the sum of the weighted values. Indicator variables for the following 13 comorbid conditions of interest were similarly created: depression; angina; cardiac dysrhythmias; pulmonary embolism; pneumonia; acute upper respiratory infection; otitis media; disorders of lipid metabolism; hypertension; osteoporosis; gastroesophageal reflux disease; septicemia; alcohol/drug abuse, dependence, or poisoning.
Respiratory medication use in the following therapeutic categories was examined for the patients with COPD: inhaled corticosteroids; long-or short-acting beta-agonists; long-or short-acting anticholinergics; and inhaled corticosteroids/ long-acting beta-agonists combination agonists. All prescriptions filled within 90 days prior to or after the index date were searched for use of these classes of medications.
Bivariate comparisons between patients with COPD and control patients were made for all demographic measures, measures of utilization and costs, the Charlson Comorbidity Index and individual Charlson comorbidities, and the 13 additional comorbidities using t-tests and Chi-square tests as appropriate.
Results

Baseline demographics
A total of 59,906 patients with COPD were identified for a 7-year period prevalence of 8.2% and were matched to 117,546 patients without COPD (Table 1) . Mean age, gender, sex, and race/ethnicity distributions were comparable between patients with COPD and controls.
health care utilization and costs
Patients with COPD compared with controls had statistically significantly greater inpatient and outpatient health care (Table 2) . These differences applied both to respiratory-related health care use and health care use related to all other causes. Furthermore, patients with COPD had significantly higher mean outpatient, inpatient, pharmacy, and total costs for both respiratory health care utilization and health care utilization related to all other causes compared with controls ( Table 2 ). Mean respiratory-related total health care costs (the sum of the outpatient, inpatient, and pharmacy costs) were approximately 10 times higher in patients with COPD than controls ($676.68 versus $68.50 per patient for the second year of utilization, P  0.0001).
Comorbidities
Patients with COPD had a significantly higher comorbid illness burden than controls (Table 3 ). The mean Charlson Comorbidity Index in patients with COPD was one point higher (indicating at least one comorbidity more, on average) than in controls (2.85 versus 1.84; P  0.0001).
Myocardial infarction, congestive heart failure, peripheral vascular disease, rheumatologic disease, peptic ulcer disease, and malignancy/lymphoma/leukemia were significantly more frequent in patients with COPD than in controls (Table 3) . Table 4 shows other baseline comorbid conditions for COPD group versus the control group.
Medications
Approximately three fifths (60.6%) of patients with COPD were receiving some type of respiratory medication ( Table 5 ). The most common respiratory treatment was short-acting For patients with COPD, the index date is the first date at which COPD was listed as a first or second diagnosis in either the inpatient or outpatient setting. For controls, the index date is the date of the encounter at which the patient was matched with a corresponding COPD patient. Patients with an index date before 10/1/1998 were not included in this table because cost data were only available starting on 10/1/1999.
2 number and percentage of patients with one or more visits to a VA outpatient clinic. 3 Mean number of days on which a patient visited one or more VA outpatient clinics. 4 Mean number of discharges among all patients in the cohort, including those with no hospital stays. 5 Total bed days of care, mean length of stay, and number and percentage of patients are among patients who had one or more hospital stays at a VA acute care facility. Abbreviations: COPD, chronic obstructive pulmonary disease; nA, not available; VA, veterans Affairs.
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Discussion
In this study we have demonstrated the huge impact of COPD on the US VA population. Almost 1 in 10 patients in the southeastern US seen in the VA health care system had COPD. This prevalence is higher than the 42 per 1000 estimated by the National Center for Vital Statistics 9 but generally comparable to estimates from the National Heart Lung and Blood Institute. 10 The 8.2% prevalence rate in the current study is consistent with previous observations suggesting that veterans have a higher burden of illness than nonveterans.
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Patients with COPD compared with age-, race-, sex-, and index year-matched patients without COPD in this study had higher rates of inpatient and outpatient utilization and higher costs of care for respiratory conditions and all other conditions. In patients with COPD compared with controls, mean total respiratory-related total health care costs (the sum of the outpatient, inpatient, and pharmacy costs) were approximately 10 times higher, and total costs for all other conditions were approximately 1.7 times higher. The results suggest that the It is difficult to compare the costs of care in this VA with those described in other studies due to differences in study designs, populations studied, and methodology used, as well as disparate health care systems in place. However, the VA system, when stacked against systems used in European countries, doesn't seem as farfetched a comparison upon closer comparison. There are established eligibility criteria for enrollment, no resource-based incentives are offered, decisions are formulated on the basis of evidence provision, and there is a strong negotiating power due to its size, as well as the fact that the government is involved. In fact, this system may be similar to national insurance health care systems seen in many European countries. This study therefore can add to the body of literature aimed at studying COPD as a disease and costs from the perspective of a government-based health care system. Studies of the costs of COPD in other countries corroborate results of the current study by demonstrating the substantial economic impact of COPD, particularly in patients with severe disease and/or frequent exacerbations. [12] [13] [14] [15] Costs reported in this study are not expenditures by the patient, but are derived from the VA perspective, which allocates costs to services from a global budget for a given year. Costs in the VA system vary based on the number of services provided (more services and lower budget mean lower average costs). In 2000, the mean annual Medicare expenditures in the US were $11,841 for patients with COPD compared with $4901 for all covered patients. 16 In a study of 6,793 Texas Medicaid patients with COPD, the annual costs of care totaled $11,580 per patient. 17 In the current study, total costs during the second year of utilization of services for patients with COPD were $4,437 per patient. This value is comparable to the mean costs of care in a study of VA patients with chronic conditions. 18 The costs of care in the current study are therefore consistent with those described in previous VA populations but substantially lower than those in patient populations from other health care systems in the United States.
The high frequency of comorbid conditions adds to the disease and cost burden in the VA population. This finding corroborates other research conducted in non-US patients not selected with respect to veteran status. 19 In the current study, patients with COPD compared with controls were significantly more likely to have comorbidities including chronic debilitating or life-threatening diseases. The high frequency of comorbidities in veterans with COPD has been described in other studies. 5, 6 In a study of 70,679 patients with COPD hospitalized at a VA hospital in 1998, the prevalence of cardiovascular comorbidities substantially exceeded that in an age-and gender-matched cohort without COPD at 33.6% versus 27.1% for coronary artery disease, 24.4% versus 13.5% for congestive heart failure, and 14.3% versus 10.4% for atrial fibrillation. 5 Comorbidities can also increase the risk of poor outcomes following an exacerbation of COPD. A study of 51,353 patients discharged after an exacerbation of COPD in the VA system identified pulmonary hypertension and weight loss as risk factors for death. 6 In a recent study of 6,793 Texas Medicaid patients with COPD, 17 the mean Charlson Comorbidity Index was approximately 1.9, a value similar to that seen in the control cohort but approximately one point lower than that seen in the COPD cohort in the current study. Furthermore, 7% of COPD patients in that study were hospitalized for any cause versus 14.0% in the current study, although 83% of the Medicaid patients had emergency department visits versus 30.4% in the current study. Patients in the current study were more likely to be seen in the inpatient setting, an observation that suggests greater severity of illness among patients with COPD in this study than in the Texas Medicaid study.
Perhaps the most striking finding in the current study is the seeming undertreatment of the COPD population. Approximately 40% of patients were not receiving any of the medications recommended in global treatment guidelines 20 at baseline. The most common respiratory medication prescribed for these patients with COPD was short-acting beta-agonists, which according to treatment Burden of COPD in a government health care system Dovepress submit your manuscript | www.dovepress.com Dovepress guidelines are to be used as rescue medications and not as maintenance treatment. Maintenance treatment with guidelines-recommended long-acting bronchodilators was prescribed in the minority of patients in the current study. These findings are consistent with results of studies from Canada, Japan, and Europe, in which patients were not selected based on veteran status. [21] [22] [23] [24] Strengths of the current study include the large sample size and the examination of patients in a federally funded and operated integrated managed care system. As VA physicians are salaried and as Congress determines the total VA health care budget, few negative incentives operate either to limit care for VA patients or to exaggerate the illness burden in order to garner more resources. The results of the current study therefore are likely to reflect actual illness burden and health care use for these patients. The matched casecontrol design, which contributes to good internal validity, lends strength to the rigor of this study. The matched design allowed the utilization and cost measures to be adjusted for demographic, temporal, and contextual variables to reduce confounding.
Codes for bronchiectasis and allergic alveolitis were included in the ICD-9-CM-based definition of COPD in this study. Patients with bronchiectasis usually present with frequent infections and airflow obstruction and are treated similarly to patients with COPD. Patients with allergic alveolitis usually present with symptoms similar to those of COPD. Because these cases were so few in number (0.15%), they are unlikely to have affected the results. Notably, multiple diagnosis fields are included on medical claims in VA administrative data. In the very few cases of bronchiectasis and allergic alveolitis that were observed, COPD was also present on these medical claims. The clinical reasons explained above did not permit a clear rationale for excluding these cases.
This study has certain limitations inherent to retrospective observational studies involving claims data. Accuracy and completeness of diagnosis codes cannot be verified. However, the VA has relatively complete utilization records and is less susceptible to problems of coding bias that may occur in other managed care systems. The reliance of this study on VA pharmacy prescription fill records for estimates of medication use is a limitation that could have led to underestimation of medication use. The records do not contain information on out-of-plan (non-VA) prescriptions, such as Medicaid or Medicare or private insurance, for which the veteran may be eligible, nor do they capture over-the-counter pharmacy use. While the extent of out-of-plan or out-of-network pharmacy use cannot be determined, it is thought to have been relatively infrequent. Also, the pharmacy prescription records for this study were obtained only from VISN 16 data warehouse records and did not include VA prescription fills outside of VISN 16. The data were obtained from a primarily male VA population and cannot be generalized to women or nonveterans. Although comorbidities play a role in overall cost burden to the VA system, comorbid conditions can also increase COPD complexity pathologically and in economic terms. For example, having cardiovascular disease may make COPD exacerbations more common; therefore, having that comorbidity will increase the costs involved with treating COPD as well. Therefore, it may not be entirely accurate to say that all those costs are part of a global chronic burden for patients. Admittedly, lack of functional data prevents conclusive exploration of this issue. Another limitation may be lack of adjustment for presence of comorbidities. In the absence of objective lung function data (absent in administrative claims databases such as the VA), one cannot say with complete certainty whether rates of maintenance treatment were indeed lower. This is a limitation found in administrative claims databases like the VA system. Finally, the study was conducted in the United States, and the generalizability of the results to other countries is not known. However, as discussed earlier, the VA system design is similar to countries in Europe that have national health care models. Therefore, there is possibility that the results from this study are applicable to those countries. Within the United States, however, the VA system is very different from closed network health maintenance organizations (HMOs), commercial health plans, and federally funded Medicare and Medicaid programs.
In conclusion, veterans with COPD compared with those without COPD suffer a tremendous disease burden with high rates of all-cause and respiratory-related health care utilization and higher health care costs. Furthermore, a significant number of these patients remain untreated, a finding corroborating data from other studies. 21, 22, 25 The results underscore the undertreatment of COPD in the current health care system. Future researchers should examine treatment strategies and interventions that may help reduce the burden of COPD in the veterans population.
